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Abstract 
The objective of this research is to provide a systematic probe into necessity of the active suspension based on LQG 
control for supplying some reference to optimal design of the suspension based on LQG control. A strict 
mathematical reasoning shows performance of the active suspension based on LQG control has nothing to do with the 
suspension stiffness and basal damp. Variable suspension stiffness and basal damp simulations show the global 
damping characteristics of control force becomes obviously negative from obviously positive with the basal damp 
increasing regardless of the suspension stiffness. So there is a probability that performance of the semi-active 
suspension based on LQG control can be very close to the active one when the basal damp is small. When the basal 
damp is small, the simulation shows quadratic performance index of the semi-active suspension based on LQG 
control is only 1.76% bigger than that of the active one. So there is no necessity of the active suspension based on 
LQG control. 
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1. Introduction 
The semi-active suspension or active one is used to improve vehicle ride comfort and it is usually 
believed that performance of the active suspension is more excellent than that of the semi-active one [1], 
but there is no data about performance comparison in detail between the active suspension and the 
semi-active one using the same control method. 
It is well known that manufacturing and using costs of the active suspension are higher than those of 
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the semi-active one because external power sources and active force actuators are needed by the active 
suspension [1-2]. So there is no necessity of the active suspension if performance of the semi-active 
suspension is very close to that of the active suspension when the same control method is adapted in them. 
Linear Quadratic Gaussian (LQG) control method is well adaptable and widely used in the semi-active 
suspension and the active one separately or assembled [3-17]. 
To supply some reference to optimal design of suspension based on LQG control, the necessity of the 
active suspension based on LQG control will be discussed. 
2. Dynamics Model of Suspension Based on LQG Control in General 
A quarter-vehicle suspension is adopted, as shown in Fig.1. The differential equations for a suspension 
based on LQG control in general are followed as 
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Where m1 is the unsprung mass; m2 is the sprung mass; k1 is the tire stiffness; k2 is the suspension 
stiffness; F is the control force; c0 is the basal damp; q is the displacement input of suspension, q = 
qfunGwn q 000 ʌ2)(ʌ2  , n0=0.1 (m
-1) is the reference spatial frequency; w is the road white-noise signal; 
Gq(n0) is the road roughness coefficient under the reference spatial frequency and is determined by 
various road classes; u is the vehicle velocity; f0=0.011·u is the lower cut off frequency; x1 is the vertical 
displacement of unsprung mass; x2 is the vertical displacement of sprung mass. 
 
Fig.1 Dynamics model of suspension based on LQG control in general 
The system’s state vector is followed as 
X=(q, x1, x2, x3, x4)Tˈx3= 1x , x4= 2x . 
The state-space model is obtained 
GWBUAXX                                 (2) 
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The quadratic performance index of suspension is written as 
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Where a2= 2x  is the acceleration of sprung mass; Fd=k1(x1-q) is the dynamic load of unspung mass; 
x1-q is the tire deflection; fd=x2-x1 is the suspension deflection; 1G c  is the weight of Fd; 1G  is the weight 
of x1-q; 2G  is the weight of fd. 
The standard form of Eq.(3) is: 
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According to LQG control theory, the minimum of J can be obtained when the control force is 
F=-R-1(SB+N)TX                                (5) 
Where S is the solution of Ricatti equation followed as 
(SA)T+SA-(SB+N)R-1(SB+N)T+Q=0                      (6) 
 
3. Influence of Suspension Stiffness and Basal Damp on Performance of Active Suspension Based 
on LQG Control 
Theorem.1: Performance of the active suspension based on LQG control has nothing to do with the 
suspension stiffness and basal damp. 
Prove: A2 and Q0 are defined as 
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Eqs.(7) and (8) show that A2 and Q0 are nothing to with k2 and c0. A and Q can be written as 
A˙A0ˇR-1BNT                                   (9) 
Q˙Q0ˇR-1NNT                                  (10) 
When Eqs.(9) and (10) are taken into Eq.(6), there is 
[S(A0ˇR-1BNT)]T+S(A0ˇR-1BNT)  
-(SB+N)R-1(SB+N)T+Q0ˇR-1NNT=0 
It is simplified as 
A0
TST+SA0-R-1SB(SB)T+Q0=0                           (11) 
When Eqs.(5) and (9) are taken into Eq.(2), there is 
GWXNSBRBXBNRAX   ))(()( T1T10  
It is simplified as 
GWXSBBRAX   )( TT10                          (12) 
Because k2 and c0 do not appear in Eq.(11), S is nothing to with k2 and c0. Similarly, Eqs.(11) and (12) 
show responses of the active suspension based on LQG control are nothing to with k2 and c0 too. 
So the three performance evaluating indexes of the active suspension based on LQG control, a2, Fd and 
fd, are nothing to with k2 and c0, and Theorem.1 is proven true. 
4. Global Damping Characteristics of Control Force of Active Suspension Based on LQG Control 
P, the output power of control force, is written as 
)()( 3412 xxFxxFP                               (13) 
When P is positive, energy flows to suspension from the active force actuator, so the damping 
characteristics of control force is negative. 
When max(P) and P , the maximum and mean of P, are greater, negative damping characteristics of 
control force is more obvious. When P  is negative, the global damping characteristics of control force 
should be positive although local negative damping characteristics of control force partly exists. The 
smaller are max(P) and P , the more obvious is the positive global damping characteristics of control 
force. 
After a passive suspension from Mercedes-Benz is reformed to the active suspension based on LQG 
control, influences of the suspension stiffness and basal damp on the global damping characteristics of 
control force are investigated by a variable parameter simulation method. 
The parameter values of the passive suspension are given as m1=25 kg, m2=330 kg, k1=170,000 N/m, 
k20=13,000 N/m, c=1000 N·s/m. When the vehicle moves at a velocity u=20 m/s over an ISO C-class road, 
Gq(n0) =256×10-6 m2/m-1. Here, k20 is the suspension stiffness of passive suspension; c is the basal damp 
of passive suspension. į1 and į2 can be obtained according to Reference [18]. Assessment of aij values 
used in AHP is followed as TABLE I. 
 
TABLE I  Assessment of aij Values 
Value of aij Interpretation 
1 Equal importance of i and j 
2 Between equal and weak importance  
of i over j 
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3 Weak importance of i over j 
4 Between weak and strong importance  
of i over j 
5 Strong importance of i over j 
6 Between strong and demonstrated  
importance of i over j 
7 Demonstrated importance of i over j 
8 Between demonstrated and absolute  
importance of i over j 
9 Absolute importance of i over j 
It is believed in general there are weak importance of a2 over Fd, demonstrated importance of a2 over fd 
and strong importance of Fd over fd when the vehicle rides over an ISO C-class road at a velocity u=20 
m/s. So į1˙36274 and į2˙675.51. 
Simulation time length is 120 s and the ode3 (Bogacki–Shanpine) solving method is employed. The 
scope of k2 is 0 ~ 26,000 N/m, and the scope of c0 is 0 ~ 2000 N·s/m. Influences of k2 and c0 on max(P) 
and P  are shown in Figs.2 and 3. 
 
Fig.2 Influences of k2 and c0 on max(P) 
 
Figs.2 and 3 show influences of c0 on max(P) and P  are remarkable. Regardless of k2, max(P) 
increases and P  becomes the positive from the negative with c0 increasing. So global damping 
characteristics of control force becomes obviously negative from obviously positive with the basal damp 
increasing regardless of the suspension stiffness. 
 
Fig.3 Influences of k2 and c0 on P  
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5. Probe into Necessity of Active Suspension Based on LQG Control 
When the control force with negative damping characteristics is removed, the active suspension based 
LQG control becomes the semi-active one and its performance will deteriorate. 
Results in Sections 3 and 4 show there is a probability that performance of the semi-active suspension 
based on LQG control can be very close to the active one when the basal damp is small. 
When the shock absorber is cancelled, the sum of equivalent damp existing suspension structure joints 
is assumed as 100 N·s/m, so c0=100 N·s/m. Let k2=13,000 N/m, J and the maximum amplitudes and mean 
square deviations of a2, x1-q and fd of the semi-active suspension based on LQG control and the active one 
are shown TABLE II. Here, max stands for the maximum amplitude; ı stands for the mean square 
deviation. 
TABLE II shows performance of the semi-active suspension based on LQG control with a small basal 
damp is very close to that of the active one too, and quadratic performance index of the semi-active 
suspension is just only 1.76% bigger than that of the active one. 
Besides, manufacturing and using costs of the active suspension are higher than those of the 
semi-active one. 
So it can be believed theoretically that there is no necessity of the active suspension based on LQG 
control. 
 
TABLE II Statistical Data Relative to Suspension Performance of Two Suspensions 
 The active suspension 
The semi-active 
suspension 
Relative 
variation 
a2 
(m/s2) 
max 3.1332 3.1104 -0.0073 
ı 0.9703 1.0020 0.0327 
x1-q 
(m) 
max 0.0170 0.0169 -0.0059 
ı 0.0050 0.0050 0 
fd 
(m) 
max 0.0526 0.0517 -0.0171 
ı 0.0148 0.0144 -0.0073 
J 2.0046 2.0399 0.0176 
6. Conclusion 
A strict mathematical reasoning shows performance of the active suspension based on LQG control has 
nothing to do with the suspension stiffness and basal damp. Variable parameter simulations show global 
damping characteristics of control force becomes obviously negative from obviously positive with the 
basal damp increasing regardless of the suspension stiffness. So the probability that performance of the 
semi-active suspension based on LQG control can be very close to the active one when basal damp is 
small is found. 
When the shock absorber is cancelled, the simulation shows quadratic performance index of the 
semi-active suspension based on LQG control is only 1.76% bigger than that of the active one. So it is 
obtained theoretically that there is no necessity of the active suspension based on LQG control and the 
optimal design of suspension based on LQG control should be focused on the semi-active suspension. 
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